The mutants used to show that phosphoglucose isomerase, and glucose itself, are not essential components of Escherichia coli had not been characterized genetically, other than by mapping. We now describe two new pgi mutants, one amber and the other a Mu-phage insertion, presumably both complete inactivation mutations. The new mutations do not give a phenotype markedly different from those described earlier. However, they might be preferred for certain physiological studies, and we have prepared for this a new double mutant, strain DF214, with a Mu insertion in pgi and a deletion in zwf (glucose 6-phosphate dehydrogenase).
The mutants used to show that phosphoglucose isomerase, and glucose itself, are not essential components of Escherichia coli had not been characterized genetically, other than by mapping. We now describe two new pgi mutants, one amber and the other a Mu-phage insertion, presumably both complete inactivation mutations. The new mutations do not give a phenotype markedly different from those described earlier. However, they might be preferred for certain physiological studies, and we have prepared for this a new double mutant, strain DF214, with a Mu insertion in pgi and a deletion in zwf (glucose 6-phosphate dehydrogenase).
Mutants lacking phosphoglucose isomerase (pgi) are known in Escherichia coli and Salmonella typhimurium. They have been used to clarify pathways of glucose metabolism and, particularly is association with a glucose 6-phosphate dehydrogenase mutation (zwf), have been used in several physiological studies of the effect of inability to form or degrade glucose 6-phosphate (e.g., deoxyribonucleic acid glucosylation, hexose-phosphate transport, glycogen and lipopolysaccharide synthesis, catabolite repression, etc.). Such mutants are not conditional lethals: a pgi-zwf-strain has been reported to not grow at all on glucose, but to grow well on other carbon sources whose metabolism is not via glucose 6-phosphate, and the general finding has been that glucose 6-phosphate is simply not an essential metabolite in these microorganisms (reviewed in ref. 6) .
A caveat to that conclusion has been that the few mutants reported to date have been genetically uncharacterized, except for map position. It is not known whether pgi is the structural gene, and even if it were the mutations might be missense and specify a product "leakier" in vivo than apparent from in vitro assay (typically 2 to 5% wild-type levels). Thus, although the level of glucose 6-phosphate or certain products derived from it (such as glycogen) are certainly very low or undetectable in the appropriate growth conditions, it is conceivable that a very small amount of this metabolite is essential and made even by the mutant enzyme. ' Present address: Microbiology Section, Biological Sciences Group, University of Connecticut, Storrs, Conn.
06268.
To answer these questions it would be useful to have complete inactivation mutation of pgi. The purpose of this paper is to report two likely such mutants, both found accidentally, one amber and the other a Mu-phage insertion. The properties of the new strains differ little from the ones described earlier, and the conclusion about phosphoglucose isomerase probably not being essential still applies. MATERIALS strain RT534 also proved to be pgi mutants, but neither was suppressible by q80psupF.)
Although the 480psupF test for suppressibility of the pgi mutation of strain RT559 was clear, because of the instability of such lysogens we constructed isogenic strains by P1 transduction: strains RT808 (pfkA9 pgi-6 supF+) and RT809 (pfkA9 pgi-6 supF). The first strain had the same growth phenotype as RT559, and the second strain was suppressed, resembling the pgi+ strain, RT534, and having 40% its level of phosphoglucose isomerase activity (Table 1) . Accordingly, pgi-6 is an amber mutation.
The strains carrying pgi-6 in Table 1 also carry pfhA9, so they did not show the typical pgi mutant growth phenotype. But the pfkA+ pgi-6 recombinants obtained in the mapping did not differ obviously from the pgi-2 mutant described earlier (not shown).
We did one experiment to compare the heat lability of phosphoglucose isomerase from the suppressed strain with the wild-type enzyme (strains RT809 and RT534, respectively) and found no difference. We therefore cannot say that pgi is the structural gene for the enzyme, although that remains the most likely possibility.
The pgi-Mu insertion strains arose as apparent lac mutants in a culture treated with phage Mu (see Materials and Methods). We did not further characterize the growth of the original strains, since they arose in a tonB background. But we constructed a new strain, DF214, carrying pgi-Mu as well as deletion of zwf (glucose 6-phosphate dehydrogenase). Table 1 shows the phenotype of this strain, its pgi+ parent, DF213, the earlier double mutant, strain DF2000, and the wild type, strain K10. The new double mutant blocked in both pathways of glucose 6-phosphate utilization did not differ markedly in growth from the old one.
It was shown earlier that pgi mutants, grown without glucose in the medium, contained little if any glucose. For example, DF40 (pgi-2) contained 2% or less the parental content of glucose after acid hydrolysis of whole cells grown in gluconate (5) . In an attempt to put a new upper limit on this value we have refined the assay and done a similar experiment with the new strains ( Table 1 ). The glucose content of the pgi+ strains was approximately 1% by weight. In the pgi mutants the values were very low, ranging from 0.1 to 0.4% the parental level. These values are within blank range and we cannot say that the new strains are actually less "leaky" than the old; to a first approximation, glucose was undetectable. Nonetheless, for physiological studies the new strain, DF214, might be preferred and is available from the Coli Genetic Stock Center (B. Bachmann, Department of Microbiology, Yale University School of Medicine).
